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AMEfSfDMENTS TO THE CLAIMS 

1 . (Currently Amended) A method for limiting stress levels in an aircraft-powering turbofan 
assembly by controlling unstable movement of laminai-to-turbuleat boundary layer transition 
on fan blades of the turbofan assembly during airciaft flight, said method comprising: 
including on a flying aircraft, an aircraft-powering turbofan assembly comprising multiple fan 
blades mounted on a fan disc and each of said fan blades having a leading edge, a trailing edge, 
and two side surfaces that comprise a high^pressure side surface and a low-pressure side 
surface, each blade also having a relatively long chord length, said mrbofan assembly being 
configured such that a laminar-to-turbulent boundary layer transition range occurs on the low- 
pressure side surface of each of said fan blades during flight; crovidingand-^vhe*^ a plurality 
of said fan blades eaciusdth ft^^ -^rh nr inptcd to furdiu Lo.ap iiiK . a laminar-to-turbuIent 
boundaiy layer transition comiol feature at the low-pressure side surface of the respective fan 
blade, ppsitioning each .said rontrol feature nn th^ t ^soectivfi M;>de .t a position rh.r wHi 
initiatennnh n F. nii l niiiiiu l [ ^ a l m L. iu itia i ii i- u and positionflliy st^iz&^i^i^Umisat laminar- 
to^turbuleni boundary layer transition to a location upon the respective fan blade between said 
control feature and the respective fan blade's trailing edge ^that will substantially n,...t.;n 
aggregate Umited stress occurring in the turbofan assembly at a mounting of tiie respective fan 
blade to the fan disc.tO H r ^tibstantially maiutai «ed below fifty megapascals during flight within 
the aircraft's operating envelope. 

2. (Currently Amended) A metiiod for limiting stress levels in an aircraft-powering turbofan 
assembly by controlling unstable movement of laminai-to-turbulent boundary layer transition 
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on fan blades of the turbofan assembly during aircraft flight, said method comprising: ' 
including on a flying aircraft, an aircraft-powering turbofan assembly comprising multiple fan 
blades mounted on a fan disc and each of said fan blades having a leading edge, a traihng edge, 
and two side surfaces that comprise a high-pressure side surface and a low-pressure side . 
surface, each blade also having a relatively long chord length, said turbofan assembly being 
configured such that a laminar-to-turbuleni boundary layer transition range occurs on the low- 
pressure side surface of each of said fan blades during flight; providin° and whoroin a plurality 
of said fan blades eapb w|t h ai'Q oach adapted to further compi^i ^e a laminar-to-mrbulent 
boundai-y layer transition control featui^ at the low-pressure side surface of the respective fan 
Wade, positioning each said control featui-c on the respective blade at a position that will 
initiatc ,ea6 h"0f said conti'ol foaturc f i initiating and positionaUy stabilize the ctabiUzing a 
laminar-to-turbuleni boundaiy layer aansition to a location upon the respective fan blade ' 
between said control feature and the respective fan blade's trailing edge se-that will 
suh]^t^tiallymainuun.an aggregate limited stress occurring in the turbofan assembly at a 
mounting of the respective fan blade to the fan disc igijrsttb»tef)tially maintainod below twenty 
megapascals during flight within the aircraft's operating envelope. 

3. (Currently Amended) A method for limiting scress levels in an aircraft-powering turbofan 
assembly by controlling unstable movement of laminar-to-turbulent boundary layer transition 
on fan blades of the turbofan assembly during aircraft flight, said method comprising: 
including on a flying aircraft, an aircraft-powering turbofan assembly comprising multiple fan 
blades mounted on a fan disc and each of said fan blades having a leading edge, a trailing edge. 
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and two side surfaces that comprise a high-pressure side surface and a low-pressure side 
surface, each blade also having a relatively long chord length, said turbofan assembly being 
configured such that a laminar-to-turbulent boundary layer transition mn^e o ccurs on the low- 
pressure side surface of each of said fan blades during flight* providinjg; ft nd wberoln a plui-ality 
of said fan blades each with a re e ach adagted tn fiirrb p w^ ^^'^mprir Tf^ a laminar-to-turbulent 
boundarj' layer transition control feature at the low-pressure side surface of the respective fan 
blade, postlioning each said control feature on the respective blade at a position that wHI 
initiate .oaoh of said ooncrol foatur o fi initiating and positionally stabilize tbe stabilisring n 
laminar-to-turbulent boundary layer transition to a location upon the respective fan blade 
between said control feature and the respective fan blade's trailing edge *»e-that will . 
substantially maintain. an aggregate limited stress occurring in the turbofan assembly at a 
mounting of the respective fan blade to the fan disc toi s subatantjally ma int ain e d below ten 
megapascais during flight within the aircraft's operating envelope. 

4. (Original) The method as recited in any one of claims 1-3. wherein said aggregate limited 
stress measui-ed in the mounting of the respective fan blade to the fan disc is composed at least 
partially by fluctuating stresses. 

5. (Original) The metiiod as recited m claim 4, wherein said fluctuating stresses arc at least 
partially caused by an unsteady aerodynamic force associated with an oscillatory chordwise 
translation of said boundary layer transition point along the chord of the respective fan blade, 
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6. (Original) The method as recited in any one of claims 1-3, further comprising: utilizing said 
laminar-to-turbulent boundaiy layer transition control feature in response to detecting 
structural degradation in a similarly configured turbofan assembly without tlie control feature. 

7. (Original) The method as recited in any one of claims 1-3, further comprising: utilizing a 
strain gauge to assess the aggregate stress level experienced in the turbofan assembly 
proximate the mounting of the respective fan blade to the fan disc during flight. 

8. (Original) The method as recited in any one of claims 1-3, wherein said blades are operating 
under non-stall conditions, 

9. (Original) The method as recited in any one of claims 1-3, wherein the flight envelope of 
said aircraft ranges from zero to seventy thousand feet pressure altitude and the fan blades are 
in stall-firee operation. 

10. (Original) The method as recited in any one of claims 1-3, further comprising: enabling a 
reduction in flight-time based inspection intei'vals of the turbofan assembly. 

11. (Original) The method as recited in any one of claims 1-3, further comprising: enabling a 
reduction in flight-time based inspection intervals of constituent components of the turbofan 

assembly. 
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12. (Original) The method as recited in claim 11, wherein said fan blades are constiment 
components of the turbofan assembly. 

13. (Original) The method as recited in claim 11; wherein said fan disc is a constiment 
component of the turbofan assembly. 

14. (Original) The method as recited in any one of claims 1-3, further comprising: obtaining 
the appfoval.of xegulatory bodies for reduced frequency, flight-time based inspection intervals 
because of limited stress levels enabled by the utilization of the laminar-to-turbulent boundary 
layer transition control feature. 

15. (Original) The method as recited in any one of claims 1-3, further comprising: maintaining 
a specific fuel consumption when said laminar-to-turbulent boundary layer transition control 
feature is included that is substantially equal to the specific fuel consumption of a similarly 
configured turbofan assembly without said control feature. 

16. (Original) The method as recited in any one of claims 1-3, further comprising: 
communicating said limited stress levels in product promotions. 

17. (Original) The method as recited in any one of claims 1-3. further comprising: 
communicating said limited stress levels for purposes of at least one of flight envelope 
expansion, product differentiation and sales promotion. 
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18-38. (Canceled) 



39. (Cuirently Amended) The method as recited in any one of claims 1-3, wherein said 
laminar-to-turbulem boundai7 layer transition control feature is located on .said low-p re.....rg 
■sidcsurfaceonf tHe-> .t nn r nFTm( 1i ,.,ii u iu i a LUo i iuMu^ an essentiaUy smooth surface 
portion located between said leading and trailing edges and said feature being characterized by 
a surface deviation constituting a departure from said essentially smooth surface portion. 

40. (Original) The method as recited in claim 39. wherein said departure from said essentially 
smoo.th surface portion is constituted by a reduced-elevation surficial portion, compared to said 
essentially smooth surface portion. 

41. (Original) The method as recited in claim 39. wherein said departure from said essentially 
smooth surface portion is constituted by a raised-elevation surficial portion, compared to said 
essentially smooth sufface portion. 

42. (Currently Amended) The method as recited in claim 41. wherein said raised-elevation 
surficial portion is provided by applying an adhesive to a t to one of s aid low-pressure t w^ 
side masemi^. the thickness of said adhesive constituting the thickness of said raised- 
elevation surficial portion. 
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43_ (Currently Amended) The method as recited in claim 41, wherein said raised-elevation 
surficial portion is provided by applying grit fixed to at least ono of said lQw-pre<;<^iire ^ wft^.side 
sur^cesttrfaeeir using an adhesive, said grit establishing peak elevations of said raised- 
elevation surficial portion. 

44. (Original) The method as recited in claim 41, wherein said raised-elevation surficial 
portion is formed by at least one of bonding, mechanical, elecuical^ thermodynamic and 
chemical based techniques upon at least one of said two side surfaces. 

45. (Original) The method as recited in claim 39, wherein said d^arture from said essentially 
smooth surface poition is greater than three inches long and is positioned chordwise between 
said fan blade leading edge and said fan blade trailing edge. 

46. (Original) The method as recited in clahn 39. wherein said departure from said essentially 
smooth surface ponion is an elongate strip-shaped area of raised elevation having a length of 
three or less inches and positioned chordwise between said fan blade leading edge and said fan 
blade trailing edge. 

47. (Original) The method as recited in claim 39, wherein said departure from said essentially 
smooth surface portion is an elongate strip-shaped area of raised elevation having a width of 
less than one-half inch. 
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48. (Original) The method as recited in claim 39. whaicin said depaitui^ from said essentiaUy 
smooth surface portion is an elongate strip-shaped area of raised elevation having a width of 
less than two-tenths of an inch. 

49. (Oiiginal) The method as recited in claim 39, wherein said departure from said essentially 
smooth surface portion is an elongate strip-shapcd area of raised elevation having a width of 
approximately one-tenth of an inch. 

50. (Original) The method as recited in claim 39, wherein said departure ftom said essentially 
smooth surface portion is an elongale strip-shaped area of raised elevation having a tip-end 
distanced approximately one-hidf inch fromia tip of the respective turbofan blade. 

51. (Original) The method as recited in claim 39. wherein said depailure from said essentiaUy 
smooth surface portion is an.elongate strip-shaped area of raised elevation having a tip-end 
distanced at least one-half inch from atip of the respective turbofan blade. 

52. (Oiiginal) ITie method as recited in claim 39, wherein said departure from said essentially 
smooth surface portion is an elongate strip-shaped area of raised elevation positioned behind 
said leading edge and forward of the laminar to mrbulent boundary layer transition point on the 
untreated fan blade. 



. (Original) A method for modifying an existing turbofan assembly having a plurality of 
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unmodified fan blades mounted on a fan disc, each of said plurality of unmodified fan blades 
having a leading edge, a trailing edge, a first side and a second side, the method comprising the 
steps of: determining a range of translation of an unstable transition point between a laminar 
and a mrbulent boundary layer on at leas t one of the first side and the second side of at least 
one of said plurality of unmodified fan blades, the range of tianslation of the unstable transition 
point having a foremost position closest to the leading edge; and modifying the existing 
turbofan assembly by positioning a boundary layer transition point stabilizing element on at 
least one of the first side and the second side of at least one of said plurality of unmodified fan 
blades between the leading edge and the foremost position of the unstable transition point, 
tiiereby reducing the range of translation of the unstable transition point between the laminar 
and the turbulent boundary layer by initializing transition from a laminar to turbulent boundary 
layer upstream of the determined range of translation and thereby minimizing the range of 
translation of said initiated transition boundary point during use of the modified tuibofan 
assembly, and reducing aggregate sb-esscs occumng at a mounting of at least one of said 
plurality of modified fan blades to die fan disc in the modified turbofan assembly to below a 
predetermined threshold during use of the modified turbofan assembly. 

54. (Original) The method as recited in claim 53. wherein the predeteimined tiireshold is fifty . 
megapascals during use of the turbo fan assembly. 



55. (Original) The method as recited in claim 53. wherein the predetermined tiireshold 
twenty megapascals during use of the turbo fan assembly. 



IS 
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56. (Original) The method as recited in claim 53, wherein the predetennined threshold is ten 
megapascals during use of the turbo fan assembly. 

57. (Original) The method as recited in claim 53, wherein the unstable translation of said 
laminar to turbulent boundary layer transition point includes an oscillatory chordwise 
translation on at least one of said plurality of unmodified fan blades. 

58. (Original) The method as recited in claim 53, further comprising the step of enabling a 
reduction in frequency of flight-time based inspections of the existing turbof an assembly. 

59. (Original) The method as recited in claim 53, further comprising the step of expanding a 
flight envelope of the modified turbofan assembly, 

60. (Original) The method as recited in claim 53, wherein said transition stabilizing element is . 
at least one of (1) a vortex generator and (2) a turbulator and (3) a transition strip in the form of 
a raised elevation above a smooth surface of each of said plurality of fan blades and (4) a 
transition strip in the form of a recessed elevation below a smooth surface of each of said 
plurality of fan blades. 

61. (Original) The method as recited in claim 60, wherein said raised elevation is provided by 
applying an adhesive to at least one of the first side and the second side, a thickness of said 

n 
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adhesive constituting tfie thickness of said raised-elevation. 



62. (Original) The method as recited in claim 60. wherein said raised elevation is provided by 
applying giit to at least one of the first side and the second side using an adhesive, said grit 
establishing peak elevations of Said raised-elevation. 

63. (Original) The method as recited in claim 60. wherein said raised and/or recessed 
elevations ate created by at least one of bonding, spraying, forming, or the use of any 
mechanical, electrical, thermodynamic and/or chemical based procedure used to develop said 
raised or recessed elevations upon at least one of the two side surfaces. 

64. (Original) The method as recited in claim 60, wherein said raised elevation and said 

recessed elevation include an elongate stiip-shaped area having a length of greater than three 

inches, 

65. (Original) The method as recited in claim 60, wherein said raised elevation and said 
recessed elevation Include an elongate strip-shaped area having a length of three inches or less. 

66. (Original) The method as recited in claim 60. wherein said raised elevation and said 
recessed elevation include an elongate strip^shaped area having a width of less than one-half 
inch. 
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67. (Original) The method as recited in claim 60. wherein said raised elevation and said 
recessed elevation include an elongate strip-shaped area having a width of less than two-tenths 
of an inch. 

68. (Original) The method as recited in claim 60, wherein said raised elevation and said 
recessed elevation include an elongate strip-shaped area having a width of approxunately one- 
tench of an inch. 

69. (Original) The method as recited in claim 60, wherein said raised elevation and said 
recessed elevation include an elongate strip-shaped area having a tip-end distanced 
approximately one-half inch or less from a tip of each of said plurality of fan blades. 

70. (Original) The method as recited in claim 60, wherein said raised elevation and said 
recessed elevation include an elongate strip-shaped area having a tip-end distanced at least 
one-half inch from a tip of each of said plurality of fan blades. 
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